Résumé. 2014 agreement with those observed previously but cannot be interpreted by using the single ion model. Careful analysis of the temperature variation of both absorption and magnetic circular dichroism spectra, between 0.8 TN and 50 TN, leads to the conclusion that the spin forbiddeness is removed via an exchange induced electric dipole mechanism. The experimentally deduced exchange energy | J'/k| = 0.11 K is in agreement with the known value J'/k = 2014 0.111 K and the zero field splitting of the 2E state is less than 1 cm-1 instead of the 28 cm-1 value deduced from the single ion model.
Introduction.
Over the last twenty years crystalline Cs3COC15, which contains nearly tetrahedral COC12-units [1, 2] , has been the subject of numerous spectroscopic studies including ESR [3, 4] , UV-visible absorption [5, 6] , polarized vibrational and Raman spectra [7] , Zeeman effect [8, 9] , pressure studies [10] and magnetic circular dichroism [11] . These results were first analysed in terms of a crystal field model [12, 13] . Later on Bird et al. gave a complete assignment of the forbidden transitions observed via a molecular orbital description which included the effects of spin-orbit coupling and vibrational interaction [6] .
Except for the ESR work, none of the previous studies accounted for the possible magnetic exchange between the Co2 + ions. Since the Neel temperature is very low (TN=0.52 K [1, 4] ), the magnetic exchange (**) Permanent address : Department of Chemistry, University of Florida, Gainesville, FL 32611, USA. interaction in this 3D-compound was expected to be very small and its effect on the spectra not significant However, two recent studies have led us to question this supposition. The first, a study of the spin density and bonding of the CoCl' -ion in Cs3COC15 [15] by polarized neutron diffraction, concluded that the spin density exhibits distinct noncubic symmetry which may arise from longerrange « crystal » effects far from the CoCl' -ion.
And in the second, we determined the magnetic ordering and we confirmed the magnetic structure of the parent crystal Cs3MnQs and showed that the forbiddeness of the optical transitions was removed even above the ordering temperature by an exchange-induced dipole mechanism [16] .
Since both the Co and Mn crystals have the same crystallographic and magnetic structure and, in addition, order antiferromagnetically at about the same Neel temperature, we decided to investigate in detail the most often studied optical transition in crystalline Cs3COC15 in order to clarify the mechanism responsible for the lifting of its electric dipole forbiddeness. In § 2 we summarize the previous work on the subject with the 'Al --. [20] found that the exchange within the a-a plane is antiferromagnetic whereas the interaction along the c axis is ferromagnetic but about 25 % smaller in magnitude. The exchange constant was evaluated [19] [24] . Using a silicon refractor plate of 3.4 cm thickness, we are able to change the spectral energy by about 50 cm -1 with a linearity of about 1 %. The modulation of the polarized light was carried out using a new photoelastic modulator [25] which is particularly free of static birefringence.
To get our low temperature spectra, we used an optical cryostat (Fig. 1) derived from the device of Chanin and Torre [26] . The internal hermeticallysealed gas-handling He3 system and activated charcoal adsorption pump are located inside a super- Fig. 1 Of all the quartet to doublet transitions observed in the UV-visible spectrum, the 4 A2 ..... 2E transition is well separated from its neighbours and has been extensively studied. The spectrum consists of a progression in the totally symmetric mode (ai) with other modes superimposed on it We will restrict our attention to the first 50 cm -' of the spectrum considered in previous studies to be the region of the electronic origin lines.
All the previous experimental work [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] concluded that the ground state is comprised of two levels. The 4A2 ground state of the C02+ ion in a tetrahedral environment is split under the action of a tetragonal distortion and spin-orbit coupling into two levels separated by Eo = 8.6 cm -'. We label these levels ± 3/2 for the lowest and ± 1/2 for the highest following the ESR results [4] . Whether the 2E excited state is split by S. 0. [11] or by vibronic coupling has been extensively discussed [14] . Applying a magnetic field along the c axis of the crystal lowers the site symmetry from D2d to S* in which allowed transitions are of the n, J+ or Q_ nature (Fig. 5) . Magnetic circular dichroism (MCD) which measures the difference in absorbance for u + and a-polarizations (AA = A a, -A a -) is well suited to check the selection rules established using previous models [27] . [11] and Ul, U*, U2, U2 according to reference [14] . We will use the former notation for our discussion. The ratio of the zero order moment of the MCD « DA &#x3E;0) to the zero order moment of the absorption « A &#x3E;0) for the b band was determined and is shown in figure 6 . The experimental points can be fit with a hyperbolic tangent law :
Discussion
Since the single ion model has been used in previous studies, we first compare our experimental absorp- figure 5 . The Zeeman scheme is taken from reference [I I] but we note that the x transition from the 14 A2 ± 3/2 ) ground state cancels out if we take into account both the 14T, ul 3/2 &#x3E; and 14 T 1 ut 5/2 &#x3E; contributions to the 2E U' ) excited state [27] .
In this model the temperature variations of the bands are assumed to follow the Boltzmann population of the + 1/2 and ± 3/2 ground levels. Bands a and c (resp. b and d) must decrease (resp. increase) when the temperature decreases. The intensity of band a follows qualitatively the expected variation and disappears at 1.3 K (Fig. 2) . The c band also disappears at the lowest temperature. It can be concluded that both a and c bands start from the ± 1/2 level. The temperature variation of the d band follows the Boltzmann population of the ± 3/2 ground level (Fig. 4b) , but the temperature variation of the b band does not As seen in figure 3, above 10 K both the intensity and width of a and b bands are quite similar. Below 10 K the intensity of the a band starts to decrease more rapidly when the temperature is lowered Using the single ion model depicted in figure 5 it is impossible to explain (i) the non zero x intensity of band b, (ii) the decrease in intensity of band b, and (iii) the narrowing of both a and b bands in the a spectrum. This that the Zeeman splitting is only observed using an external field greater than 1 tesla. We will discuss this discrepancy below but it is worth noting that more than other experiments our MCD results contradict the single ion model since the observed amplitude (K factor) is too low by more than one order of magnitude. is expected to be small. Also, the magnon dispersion will be restricted to at most one wavenumber. However as Tanabe has shown [28] , the magnetic exchange can be the dominant mechanism of intensity borrowing, even above the ordering temperature.
Below TN the cobalt ions arrange themselves in two interpenetrating sublattices having their spins antiparallel. The magnetic unit cell is simple cubic or body centred cubic [19] . This crystal has been considered as an ideal Ising system because its ± 3/2 ground state is well isolated when kT Eo [29] .
Using the standard Ising Hamiltonian [19] : the energy levels for this antiferromagnetic system can be calculated in this model (Fig. 7) .
The electric dipole moment operator acts only on the orbital part of ground and excited states. Since the ground state in octahedral symmetry is a spin quartet (S = 3/2) and the excited state a spin doublet (S = 1/2) the process giving rise to an electronic transition must ensure that the total spin angular momentum is conserved. As proposed by Tanabe et al. [28] Fig. 7 ) create a magnon between the -3/2 and -1/2 or -1/2 and + 1/2 ground sublevels. The third one (3 in Fig. 7) annihilates a magnon between the + 1/2 and + 3/2 ground sublevels in the down sublattice.
With such a simple picture it is seen that the intensity of an exciton magnon line will depend on the population of ground sublevels. If kT is greater than Eo, magnons associated with 1, 2 and 3 transitions will be thermally populated (Fig. 7) . But only transition 1 will remain at T = 0 K. Thus the usual combination of « hot » and « cold » bands described by Shiganawa and Tanabe [30] for an antiferromagnet is somewhat Fig. 7 We now believe that all the spin-forbidden transitions of Cs3COC15 observed in the UV-visible range need to be reinvestigated by considering the mechanism used here and originally proposed by Tanabe et al. [28] .
